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I.  Summary 
This paper briefly introduces the field of Engineering Systems, and highlights its 
emergence from engineering practice and academic engineering. This paper was prepared 
by the ESD Symposium Committee based upon its own discussions, by an analysis of the 
other Internal Symposium papers, and by interactions with their authors. This paper 
discusses:  
 
• a framework for describing the field of engineering systems, and emphasizes a 
three-dimensional view 
• the challenges emerging in engineering practice that are associated with the 
design of complex systems 
• the methods that address research and practice problems (most of these methods 
currently exist, some must be developed) 
•  principles and fundamentals of engineering systems 
 
“Engineering systems are increasing in size, scope, and complexity as a result of 
globalization, new technological capabilities, rising consumer expectations, and 
increasing social requirements. Engineering systems present difficult design problems 
and require different problem solving frameworks than those of the traditional 
engineering science paradigm: in particular, a more integrative approach in which 
engineering systems professionals view technological systems as part of a larger whole.  
Though engineering systems are very varied, they often display similar behavior.  New 
approaches, frameworks, and theories need to be developed to understand better 
engineering systems behavior and design.” 8 
 
II. Introduction 
Engineering is an ancient field, and over the centuries it has spawned numerous sub-
fields. Historically, these sub-disciplines have become new engineering fields after 
engineering practice exploited scientific breakthroughs, or expanded into new areas of 
application. In modern times, engineering artifacts and algorithms have become 
increasingly complex, compelling some engineers in industry—those with a sound 
understanding of many engineering specialties—to become responsible for designing 
complex systems. These “engineering systems engineers” have evolved into their new 
specialty in the same way that early electrical and even mechanical engineers evolved 
into theirs, before their specialties were formally recognized. Typical practitioners of the 
new systems engineering include selected aerospace and civil engineers, a few software 
engineers, and some exemplar broad-based engineers such as Taiichi Ohno of Toyota. 
We argue in this paper that engineering fields have already begun to spawn the new 
discipline of engineering systems, and we discuss the generic nature of design problems 
across various practice areas and engineering fields. 
 
The formation of academic engineering departments has generally followed the practice 
of the field, rather than the converse. In addition, the nature of engineering in the 
   4
academic setting has evolved, and the current paradigm is usually referred to as 
engineering science. Examination of existing academic departments known for their 
leadership in engineering science reveals two important elements: (1) a strong research 
output—new, more powerful, and general ways to understand the artifacts, processes, 
algorithms, and systems essential to engineering practice, and (2) to a lesser degree, the 
design/creation of important new concepts (practice breakthroughs that are often 
patented) with close coupling to scientific understanding. This paper suggests the 
methodologies and research issues important to engineering systems, and speculates on 
those that will emerge as the field matures academically. Ultimately, however, the field’s 
basic objective will be to create new, more powerful, and more general ways of 
understanding complex engineered systems, and to improve engineering systems practice 
and education. 
 
Based on the past evolution of engineering in academic settings, we can make three 
points about ES as an academic field. First, engineering systems research will have 
several loosely interacting sub-fields of specialization; this fact is readily demonstrated 
by the research efforts in any engineering department at MIT. Secondly, based on current 
trends in engineering science, research and practice in engineering systems (and its sub-
fields) will have “fuzzy” overlapping boundaries, with related research being pursued in 
management science, in the social and physical sciences, and in other fields of 
engineering. Thirdly, as is true in all engineering fields, the issues of greatest interest and 
importance will change over time—partly due to unanticipated research findings, and 
partly due to changes in practice problems and in priorities among existing practice 
problems. 
 
III. What Makes Engineering Systems Interesting, Challenging, and 
Important? 
a. Large Scale 
One of the clearest indications that a system is likely to be of interest to the Engineering 
Systems field is its scale. Systems composed of few parts are rarely of interest. On the 
other hand, large scale by itself is not sufficient. For example, if the components of the 
system are identical and are interconnected in a regular fashion with little interaction 
between the parts, then the system is probably of little interest. Similarly, a system whose 
scale by itself does not make it a system of interest to ES, may become of interest 
because of the scale and complexity of its product development process, manufacturing 
process, or the context in which the system is designed, developed or maintained. The 
Symposium paper by Magee and DeWeck has a list of specific Engineering Systems of 
interest to ESD as well as  engineering systems that are not of interest to ESD, and the 
reader is referred to that paper for further discussion.  
 
b. Complexity 
Engineering systems of interest are usually said to be complex. Unfortunately, there is no 
single agreed upon definition of complexity {See Appendix A}. Seth Lloyd claims that 
he has encountered over two dozen different uses of the concept of complexity, and Joe 
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Sussman in his paper mentions twenty definitions too. For example, a system may be 
complex if its behavior is difficult to predict. This can be called a dynamic view of 
complexity. It is clearly desirable to have such a view in the long run. On the other hand, 
a system may be said to be complex if it is composed of parts interconnected in intricate 
ways. The intricacy is opposed to the regularity noted above. Such a view of complexity 
can be called a static or structural view. Much of the Committee’s discussions have 
tended to focus on such structural views, which relate complexity to the information 
content in the structure. 
 
Modern biology may give us an example of how one can pursue the analysis of 
complexity of large scale systems. The human genome project is a static analysis of the 
structure of the genome. Only now is there a concerted attempt to understand the 
dynamic behavior of the genes and the proteins they determine. A fundamental approach 
to ES might approach it in a similar way, starting first with an understanding of the 
structure of engineering systems and their properties, and only later with an 
understanding of the dynamics of such systems.  
 
Complexity, when considered as a structural issue, usually increases when one modifies a 
system in order to deal with changing requirements. In this sense complexity becomes the 
coin of the realm in systems. One needs to spend additional complexity dollars to achieve 
goals, such as increased functionality or improved performance, or the life-cycle 
properties we shall discuss below. One goal of ES is to determine how to design or 
architect systems so that the trade-off between increased complexity and increased 
functionality, say, is a good one.  
 
One aspect of dynamic behavior that has arisen in the study of dynamic complex systems 
is the notion of emergent properties. Such properties are surprising side-effects of the 
behavior of a given system. An example might be the impact that automobiles had on the 
growth of suburbs or on the dating behavior of teenagers. Complex systems can be said to 
have long-run behavior that is difficult to predict and analyze, and hence easily possess 
emergent properties. Moreover, small changes in the specifications of complex systems 
can lead to much larger effects than designers or users would have predicted.  
 
c. High or Varying Rates of Change 
Systems that undergo very rapid changes in specification, such as Internet-oriented 
systems, may require architectures that are quite different from systems that undergo 
relatively few changes during their lifetimes. Systems that have subsystems that undergo 
vastly different rates of change, such as airplanes with fast-changing software and 
slower-changing fuselages, also need to be designed to accommodate these differences in 
rates of change. Most systems with important political interfaces will have differential 
rates of change since the political realm tends to change more slowly than many technical 
or managerial processes. 
 
d. The “ilities” 
Systems of interest to ES often have life cycle attributes. That is, while most engineers 
traditionally concentrate on achieving the core functionality of a system, such as how 
   6
quickly or efficiently the system operates, ES is concerned with issues, such as the 
system’s maintainability or the ease with which it can be modified. These cradle-to-grave 
issues become additional requirements for engineered systems, often brought in from 
management or societal considerations. As such these issues require a broader 
perspective than that obtained in a traditional engineering science education. Below we 
discuss briefly a number of such life-cycle-oriented and related attributes. The attributes 
often end in the suffix ’ility.’ Hence they have been described by Myron Tribus as the 
’ilities.’  A goal of ES is to develop strategies that anticipate the changes implicit in these 
attributes and then create systems that can handle such changes easily. Key research 
issues in ES include the determination of how best to create systems with these attributes. 
The Appendix mentions a number of these ilities, such as flexibility, safety, and 
robustness. A number of papers in these Proceedings refer to such issues. 
IV. A Multidimensional View of Engineering Systems  
One way of viewing ES is as lying in a multidimensional space created by other fields of 
study. We consider the space created by society, management and technology. Each 
engineered system will thus have multiple dimensions, and different systems will have 
differing positions in each dimension. See the back of this chapter for a diagram that 
includes the position of one such system. Engineered systems have aspects that deal with 
products, processes, management structure, and society. New classes of engineering 
systems, such as aerospace products and large scale computer data processing systems 
involved major technological advances in their infancy, but their wide-spread 
introduction involved management changes as well as societal changes.  
 
Every engineering system occupies some position in this three dimensional space. Even 
systems that are viewed by some as largely technical in nature will exhibit 
management/people as well as social/political issues as the systems become large and 
increasingly complex.1 Furthermore, the technical dimension will exhibit complexities of 
its own when the number of components, their complexity, and the additional 
requirements on the system grow.  Due to their long life and wide scope, engineering 
systems must be designed to cope with a variety of uncertainties. 
 
a. The Technical Dimension  
The technical dimension serves as the central, defining feature of engineering systems.   
Systems with little or no technical dimension are of little interest to ES. This could 
include the technical core associated with information systems, logistics systems, bio-
technology systems, civil engineering systems, production systems, aerospace systems, 
and more.  However, stretching the technology or science underlying an engineered 
system is by itself not sufficient to make it into a system of interest to ES. That is, unless 
there are other considerations such systems belong to classic technological systems.  
 
                                                 
1 An informal survey of recent LFM theses reveals that many hinge on resolving cultural issues or devising 
a strategy for implementation of what otherwise looks like a commonsense solution to an apparently 
technical problem.  Absent great attention to cultural issues, even the most attractive looking ideas fail to be 
implemented.  
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The emphasis in engineering systems is not so much on component technology, which 
can often be dealt with using conventional engineering techniques.. Rather, in 
engineering systems one is concerned with the manner in which one synthesizes systems 
out of a large number of components, and achieves functionality, efficiency, and other 
properties called -ilities, such as flexibility, maintainability and robustness. The large size 
of engineering systems and the need for them to have properties such as the -ilities are 
issues that have usually been faced and dealt with first in engineering practice. With the 
growth of engineering systems in both size and complexity, these issues need to be 
addressed in academic engineering as well.  Among the important technical design issues 
are how to scope the system, how to define its requirements (or discover them through 
use and then modify the system), how to give the system enough structure that it can be 
readily used, maintained, and upgraded without making it resistant to change, and how to 
make it robust to changes in its internal elements, its environment, or emergent 
requirements. 
 
b. The People/Organization Dimension  
The technical dimension is not enough when dealing with large engineering systems.  
The second dimension involved is related to the people, organizations and enterprises 
that create, operate and maintain large scale engineering systems 
 
Engineered systems that stretch present-day management approaches are of interest to 
ES. For example, the design of systems by a far-flung set of design teams is inherently 
more complex to manage than a centralized design operation. The ES field is interested in 
how one structures an enterprise to create engineered systems, and how the managerial 
processes in such enterprises operate to achieve these goals.  The increasing reliance on 
suppliers for key subsystems, in particular, is a fundamental change in how technical 
enterprises are currently being managed.  The relationship between the structure of teams 
of workers and the technology itself is clearly also of interest. .  For people who are part 
of complex engineering systems, a fundamentally different mindset – involving what has 
sometimes been termed systems thinking – is often central to individual and collective 
effectiveness. 
 
Conceptually, this dimension of ES can be organized into the following three major 
categories, each with various sub-categories (note that the sub-category items listed are 
illustrative, not comprehensive) [Kochan and Cutcher-Gershenfeld, 2001]: 
 
Organizational Structure & Sub-Systems 
Structure:  Groups, Teams, Organizations 
Sub-Systems:  Communications, Information, Rewards & reinforcement, Selection & 
retention, Learning & feedback, Conflict resolution 
 
Social Interaction Processes 
Leadership, Negotiations, Problem-solving, Decision-making, Partnership, Conflict 
 
Capability & Motivation 
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Individual knowledge, skills & ability; Group dynamics; Fear, satisfaction, desire for 
rewards, commitment and other attitudinal dynamics 
 
In the practice of engineering, these issues are fundamental and unavoidable. In academia 
this dimension has usually been studied in management schools and sometimes in 
Industrial Engineering/Operations Research departments, and to a far lesser degree in 
other engineering fields. The Engineering Systems field emphasizes the need to study 
such organizational, enterprise and related people issues in every field of engineering that 
deals with large scale and complex systems.  Important issues include how to coordinate 
multiple organizations to design and verify large scale systems, how to design their user 
interfaces so that people can interact with the system easily, and how to make the 
expected and unexpected behaviors of the system visible and understandable to users and 
stakeholders. 
 
c. The Context Dimension  
Technical systems that have a significant interaction with society, for example large scale 
projects, such as the Big Dig and the proposed National Missile Defense system, are 
clearly engineering systems. Similarly, systems designed in different countries can be 
affected by the local culture, and the differences will be of interest to ES. On the other 
hand, engineered systems that appear to have little direct societal interaction can be of 
interest to ES if their scale, complexity and other properties stretch the boundaries of 
what is traditionally designed and built. Actually, as noted earlier large scale by itself can 
lead to systems that have a significant societal interaction.  
 
The third dimension of engineering systems deals with the economic, legal and political 
context that arises in the design and operation of all large scale systems. Much, although 
certainly not all, of the context is provided by institutions of various kinds. Other aspects 
of context, such as the environment, are of great importance in almost all engineering 
systems. Infrastructures, such as roads and telecommunication systems, involve the 
political system, locally, nationally and even internationally, in addition to organizational 
issues and technology. Economic markets are a key part of this dimension, serving to 
enable and undercut the very viability of many complex engineering systems. In this 
domain, one finds such issues as how to mobilize support for a large scale system, how to 
navigate the universe of regulations, and how to accommodate conflicting interests 
without diluting the system beyond usefulness. 
 
There are always key boundary issues associated with the contextual dimension.  For 
some purposes, economic, legal and political factors are appropriated treated as 
exogenous factors impacting complex engineering systems.  For other purposes, they are 
very much a part of the system under consideration.   
 
d. The Framework Diagram 
While engineering systems are characterized by many difficult aspects, two that seem to 
stand out are complexity and uncertainty.  To provide context for the discussion that 
follows, we propose that the foregoing discussion be illustrated by the diagram in Figure 
IV-1.  Many similar diagrams could be drawn, emphasizing or including other key 
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aspects of engineering systems.  This one is offered as a starting point to fix ideas and to 
emphasize a number of interesting interactions worthy of deep additional study. 
TECHNICAL CONTEXT
UNCERTAINTY
COMPLEXITY
PEOPLE/
ORGANIZATION
 
Figure IV-1. Three Dimensions of Engineering Systems Linked to Each Other and 
to Two High Impact Aspects of All Such Systems.  Any engineering system, we 
propose, may be placed somewhere in the central triangular plane bounded by technical, 
people, and context concerns.  Linked to these concerns are the impacts of complexity 
and uncertainty. 
Uncertainty appears in system behaviors, outcomes of actions, external events, and the 
ways different aspects of a system act over long and short time scales.2  Complexity also 
                                                 
2 Visitor to USS Massachusetts battleship museum in 1983: “What are you doing?” 
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exhibits itself in behaviors but, in addition, increases with the scale and scope of the 
system.  Thus uncertainty and complexity overlap to some degree and cannot be said to 
be orthogonal aspects of engineering systems.  Complexity and uncertainty are dealt with 
in Section  VIII.. 
 
Nevertheless, engineering systems have been built and will continue to be built.  Practice 
may be ahead of theory, but practice could hit a wall soon or may have already.  We 
know too little about how existing systems will behave in unusual circumstances.  This is 
especially true where man-made and natural systems interact, such as transportation and 
climate.  We cannot guarantee that a designed system will fulfill all of its requirements or 
even predict all of its behaviors. 
 
New theories are needed to aid the specification, design, verification, operation, control, 
upgrading, diagnosis and repair, and eventual retirement of complex systems. 
 
V.   Important Problems in Generic Engineering Systems Design and Practice 
As the scale and complexity of engineering design problems increase, standard 
engineering approaches are expanded and modified to suit these new problems. In the 
process, however, those approaches can be stressed to the point where they no longer 
serve. Increasingly, engineers recognize that the problems they face in designing complex 
systems are not only greater, but also are substantially different from those they face in 
designing smaller and perhaps more rapidly changing products. We examine in this 
section how the engineering context changes for larger, more complex, and longer-lived 
engineering systems. We also delineate the elements of engineering design and practice 
that are most affected by the emergence of engineering systems.  
 
The great difficulty with requirements planning for complex systems design and practice 
has been well-documented 1,2,4,5,6,7,9. Such difficulty has always been present in 
engineering, but as products have evolved into larger and more complex systems, this 
issue is magnified by the tremendous number of attributes of interest (including, among 
others, tradeoffs among those attributes). Requirements planning is particularly 
challenged by the constraints imposed—and the uncertainty introduced—by the many 
interfaces that the system must satisfy. For engineering systems, these involve large 
stakeholder groups, as well as economic, political, and technical uncertainties, 
compounded by long development and use times.  
 
One design approach emerging from ES practice is to incorporate constraints into the 
design problem (that is, turn design constraints into design parameters). This can be a 
powerful approach for achieving better designs, but it can also make scoping and 
objective-setting even more challenging. Designers must choose, for example, which 
constraints to incorporate 5,9. Objective-setting also becomes more challenging because 
the creation of system prototypes—so that objectives can be universally understood by all 
stakeholders—is generally infeasible.  
                                                                                                                                                 
Technician: “We’re cannibalizing it for the New Jersey.” 
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The phenomenon of “requirements creep” has often been noted and decried in complex 
systems design. Requirements—even for optimally-designed engineering systems—can 
not be fully known at the outset of design (or in some cases, even at the end). As a result, 
requirements can accrete until they become unwieldy. The requirement of 
flexibility/robustness, for example, often has tremendous depth and breadth as a complex 
system grows 1,2,4,9. 
 
Another issue important to engineering systems design and practice is that of re-use6,9. In 
classic engineering design, re-use is generally considered “bad” —limiting to “real” 
engineering, and it can sometimes be detrimental to the design of engineering systems. 
However, with the tremendous cost required to develop large engineering systems, 
designing the appropriate reuse constraint is of unquestionable importance (could we, for 
example, fully redesign and rebuild the world’s roadways, airports, software, or 
manufacturing systems every few years?). This fact brings home several pressing design 
and practice problems:  
 
• As noted in Section III, the design of systems for flexibility and robustness in 
terms of future requirements and product families is of much more importance (a 
practice sometimes called re-use architecting) 
• the determination of the type and details of re-use for particular projects (for 
example, if an all-new airplane design makes sense, should all its associated 
ground support systems also change?) 
• the design for continued improvement over an unexpectedly long life (for 
example, the B-52 bomber) such that sub-systems whose technology changes 
rapidly can be decoupled from those whose technologies change less-rapidly 
 
To make such re-use architectures effective, engineers must give greater attention to the 
development of appropriate standards. Appropriate standards can allow, for example, 
decoupling without overly restricting the potential for valuable improvement. The issues 
of standards and re-use are not new to engineering systems practice, but they must 
become more important in academic settings if the practice of ES is to significantly 
improve. 
 
Three other areas of the engineering design approach are also receiving more attention in 
ES design and practice1,2,4,5,6,7,9.  
 
The Development Process. The scale and complexity of large systems design requires 
greater attention to the design of the development process itself. This contrasts markedly 
with the development of simpler artifacts or algorithms. For smaller systems, excessive 
process concern can be counter-productive. For complex systems, however, which 
involve hundreds if not thousands of people, lack of process design can be fatal.  
 
Computer Simulation. Complex systems depend much more heavily on computer 
simulation to guide their design than do simpler products. Engineering systems practice 
therefore requires effective methods not only for choosing appropriate simulation, but 
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also for building and using complex models. With the large numbers of people involved 
in design and use, complex systems have far more stakeholders than do smaller systems, 
and generally more interfaces between them.  
 
Part of the difficulty with process design is the limitation imposed on representational 
testing of large complex systems in early design stages. Such systems cannot be truly 
representative until they are built. But because the design/build cycle is so long and 
expensive, fresh restarts are not economically possible. In addition, partial testing by 
module or constrained experimentation is limited because subsystem interactions are only 
partially understood.  
 
 
Simultaneous Design. A hallmark of engineering systems practice is the simultaneous 
design of technical and people systems. This is in marked contrast to the process required 
to design smaller simpler products. 
 
In conclusion, strong evidence from engineering practice suggests that the design 
concerns of large complex systems are not only substantially greater than those for 
smaller products, but they are also substantially different. The formal study of 
Engineering Systems by academic institutions can provide substantial insight into the 
field’s practice. 
 
VI. Methodology in Engineering Systems  
Researchers, practitioners and policy makers call on a wide range of methods and tools to 
understand and interact with engineering systems.  Indeed, a key to much of the research 
and analysis by ESD faculty is the use of multi-method approaches – including 
quantitative and qualitative methods. 
 
The papers submitted for this symposium are illustrative of the range of methods relevant 
to Engineering Systems as a field.  Many of the papers submitted for this symposium 
present findings derived from well-established research methods, including:  hypothesis 
testing with empirical data,i case studies with interview and empirical data,ii survey 
research,iii life cycle and scenario analysis,iv operations management tools for 
optimization and stochastic analysis,v historical analysis,vi and probabilistic analysis.vii  
At the same time, many of the papers feature or depend on specialized methods and tools 
that may be particularly relevant for research on engineering systems.  These include:  
real options analysis,viii iso-performance analysis,ix uncertainty analysis, control theory 
modeling,x systems dynamics modeling,xi infrastructure systems design,xii and CLIOS 
analysis.xiii  As well, some of the papers borrow methods from other domains and use 
them in new ways in the context of engineering systems, such as new ways to use 
markovian dynamics analysis.xiv   Finally, many of the papers rely on the most basic of 
research methods – the inductive development of classification taxonomies,xv modelsxvi 
or other methods for representation of social and technical phenomena.xvii 
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The mix of quantitative and qualitative analysis is not surprising.  Both types of analysis 
are needed for representing systems and their characteristics in coherent ways, structuring 
useful questions about their performance, and discerning important characteristics of their 
behavior.  There is little explicit methodological focus on the efficiency of the methods 
for searching the solution space, because the goal of the study of an engineering system is 
often not a “solution”, but rather understanding.xviii 
 
A draft list of research methods and analytical tools relevant to Engineering Systems is 
presented in Appendix B, which extends the lists of methods represented among 
symposium papers.  What is most significant about this range of methods is that they are 
rarely used individually.  Most work with engineering systems calls on a mix of these 
methods.  In this respect, traditional engineering methods, such as prototype modeling or 
narrowly focused analytic tools are relevant, but incomplete.  Indeed, it may not even be 
feasible to build a prototype representation of many types of complex engineered 
systems.  Similarly, many analytic tools are too static or bounded in their use by problem 
complexity.   
 
By contrast, simulation using complex system models is a key to engineering systems as 
a field.  It is important to clarify our language here – the model is the “entity,” while 
simulation is the process of using the model. 
 
Models of complex engineering systems can be used in many ways: 
• Models can be used guide engineering design decisions 
• Models can be used predict system behavior 
• Models can be used to illustrate teaching points about systems (a pedagogical 
point – teaching about engineering systems requires these methods) 
 
Complex engineering systems models have their own limitations.  Particularly 
challenging is the construction of models and the availability of data that extends over 
time.  Most to the interesting and important dynamics associated with engineering 
systems are longitudinal in nature, but this is an aspect of research methods generally that 
is least advanced. Building models is difficult and a priori validation and quality levels 
are even more challenging problems. Nonetheless, there is a need to proceed with models 
and in terms of engineering systems with human and technical complexity. Progress may 
come with simulations that combine multiple technical aspects with “agents” or system 
dynamic models which simultaneously simulate human behavior. 
 
Also, the art and science of constructing simulations that represent engineering systems is 
still in its early stages.  Particularly relevant is the tension between simultaneously 
representing system complexity and also communicating a sense of the system as a 
whole.     
 
Perhaps most challenging is the reality that there are few, if any scholars or practitioners 
who are expert in all or even most of the relevant methods.  We all have a tendency to use 
the methods we know best.  As a result, a constant challenge facing the field of 
engineering systems involves being able to know what we don’t know – to know what 
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methods and tools might be appropriate or helpful even if they are methods and tools in 
which we are not individually expert.  
 
VII. Engineering System Principles and Fundamentals 
a. Fundamentals: The Roles of Uncertainty and Risk 
Classically, uncertainty and risk are intertwined, since risk analysis typically requires 
estimating three things: likelihood (essentially measuring uncertainty), impact, and 
detectability (ability to know that it has happened or is about to happen3).  The worst 
combination is high likelihood, high impact, and low detectability.  In business, risks are 
often classified as being technical, market, and organizational/managerial. 
 
Uncertainty and risk occur in several ways in engineering systems: 
 
• There may be physical uncertainty, such as not knowing what lies underneath the 
ground one is digging or what will happen if we dig 
• There may be uncertainty due to lack of appropriate experience of the people and 
the organizations designing the system, and thus of what errors might be made 
• There may be uncertainty regarding the acceptance of the final design by the local 
population, for example, or various outside institutions, and what their reactions 
will be 
• The changes that will be imposed on the system by competing systems, outside 
institutions, and technological opportunities are uncertain, as are their impacts 
 
Some deal with uncertainty by making assumptions about the nature of the uncertainty, as 
is done in control theory and stochastic systems analysis. Careful simulations can also 
provide confidence that the system can cope with a variety of risks attendant to uncertain 
futures. A flexible, robust design can also cope with classes of uncertain futures. How 
one deals with revolutionary changes or unstable states is an open problem, however. 
 
b. Fundamentals: The Roles of Complexity 
Complexity impinges on an engineering system in several ways: 
 
1. Integrating various components or subsystems into a single system usually creates a 
system whose complexity is greater than any of its parts. Although the components and 
subsystems may themselves be relatively well understood, the integration process may 
yield a system whose behavior is difficult to fully predict, and which may have emergent 
properties 
 
2. Implementing changes, even small ones, in a system over a period of time, and thereby 
increasing its complexity, may yield a system that is extremely difficult to modify further 
and have the desired new behavior 
 
                                                 
3
 Think of a computer virus in this context. 
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3. The design principles that are discussed below offer ways of coping with complexity 
and uncertainty. The goal of ES as a field is to make them more theoretically based. 
 
c. Design Principles 
1. Defensive Design Principle  
One ought to design a system in such a way that several classes of likely changes or types 
of uncertainties will be relatively easy to implement. We cannot, of course, be certain of 
all the changes that the system will be expected to undergo during its lifetime, but based 
on prior experience we should be able to define several classes of changes and create an 
architecture that will permit changes within such classes to be implemented without 
decreasing the efficiency too much or increasing the initial system complexity too much 
(and thus inhibiting further changes). 
 
Such systems usually should not be optimized without considering properties, such as the 
ilities. If possible, one should use approaches , such as multiple criteria decision making3 
and include these properties as part of the criteria. 
 
System architects usually should not attempt to meet all the desires of the system 
stakeholders. It is likely that systems that do meet all such desires will be overly 
complex, inefficient and incapable of meeting future changes. As in the optimization case 
above, the architect should create a system that meets most of the demands on it, but has 
room in the design space for additional properties, such as extensibility. Careful 
dialogues with the stakeholders should be able to convince them of the validity of the 
trade-offs that exist in the system architecture. 
2. Basing the System Design on the Most Stable Aspects 
Rates of change of components and subsystems can vary a great deal. For example in 
aeronautics, it is likely that the electronics will change much faster than other 
subsystems. One ought to design such systems (defensively) so that the fastest changing 
subsystems can be changed most readily. 
 
In a well-designed system the system architecture (or significant parts of it) should be 
relatively stable. Thus, it is wise to spend extra effort to design the architecture so that it 
can be stable even when much else about the system is uncertain or changing.  
3. Holistic Design 
In order to understand a large complex system it is valuable to be able to think about the 
system or significant parts of it as a whole, that is, to think holistically about the system. 
If the system is composed of very many components or modules, such a holistic approach 
may be difficult unless the architecture helps. If there are standards of communication 
between modules or standard interfaces between sets of modules, then one might be able 
to think more abstractly about the set than about the individual components or modules 
comprising it. Designs that emphasize standards will tend to be relatively robust since 
failing components may be easily replaced or circumvented. They may also be relatively 
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extensible since one might be able to add new layers to an existing set of layers, relying 
on the standards and abstractions to make such additions work relatively easily. 
4. No Single Universal Design Principle 
Several people have proposed design concepts and some have implied that these are most 
effective or at least very effective in all cases. In contrast we believe that for every 
principle there are likely to be numerous counter-examples where alternative design 
approaches are to be preferred. Consider the principle that it is good to break problems up 
into smaller sub-problems. Some call this design by repeated decomposition, and others 
call it top-down design. This approach usually leads to a tree of sub-problems whose 
solution is integrated to yield the solution to the original problem. Alternatively, consider 
the approach where each time period, each year say, one creates a version of the system 
that is said to be an improvement of a previous version. Both of these approaches are 
quite popular, in part because, while they sometimes rely on a deep understanding, they 
usually do not require such a deep understanding of the problems the systems are 
supposed to solve. Alternatively, some systems are best described as abstractions on 
previous systems. These abstractions may be found by a thoughtful architect, or by a 
process of experimentation over a period of years. The personal computer can be viewed 
in this manner as a tower of abstractions beginning with a microprocessor, high level 
languages, operating systems, applications systems, etc. Design by repeated abstraction is 
difficult, but the payoff can be quite large. 
 
The various approaches indicate that one ought not to be overly committed to one 
approach, and systems may be best designed using a combination of approaches. 
VIII. Concluding Remarks 
As MIT establishes itself in the field of engineering systems, ESD must identify more 
fully its goals and expectations. In particular, we must define as clearly as possible those 
scenarios that would demonstrate a successful contribution to all fields of engineering.  
These scenarios can serve not only as visions for the future, but as benchmarks against 
which to judge our progress along the way. ES is a new field, and the choices we make 
now about our emphasis on research and educational goals will play a substantial role in 
shaping the future of engineering systems. We now consider some possible scenarios in 
terms of Engineering Systems’ potential impacts and outputs. We also propose the 
minimum contributions necessary for success. 
 
a. Impacts 
As we define the nature of successful results in this new branch of engineering, we 
should also consider the impact that ES could have on engineering in general.  The 
Committee proposes to classify impacts in four categories: 
 
• Minor impact—engineering fields are affected only slightly; they may adopt 
some of the vocabulary or priorities of ES, but otherwise they maintain their 
separate identities, traditional priorities, emphases, research agendas, and 
methods. 
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• Significant impact—ES outputs as listed below are incorporated into teaching 
and practice in many fields of engineering and management, providing major 
improvement to those fields’ effectiveness. 
• Profound impact—ES activities forge new and vastly improved combinations of 
research, practice, and education that are copied widely, permeating engineering 
and management programs throughout academia. 
• Revolutionary impact—The new fundamentals and principles defined by ES are 
aggressively incorporated into other fields of engineering and management, vastly 
broadening their scope and improving their effectiveness. The traditional 
boundaries that have defined engineering fields become significantly less resistant 
to cross-fertilization and cooperation between fields. 
 
b. Outputs 
To further define the shape of success, let us imagine specific levels of outputs that could 
emerge from ES after a period of years. 
 
Minimal output might simply be a collection of case studies. These could provide: 
 
• Illustrations of situations 
• Starting points for instructive discussions 
• A way to train students to develop approaches to problems 
• A potential launching pad for principles 
 
A second level of output would be well-grounded empirical studies done on collections 
of cases. These could include cross-comparisons that allow researchers to extrapolate 
beyond stand-alone cases, thus providing the empirical underpinning necessary for 
fundamental understanding and principles. An increasingly deeper understanding of 
complex engineering systems would also permit novel ways of teaching and learning 
about such systems. Such new approaches to teaching and learning can have a broad 
impact beyond ES. 
 
These empirical studies could result in a third level of output—an integrated set of 
heuristics that apply to a limited range of situations at the very least, and at most provide 
rules that work much of the time. At this third level, however, such heuristics would still 
be empirical, and would not be based on well-verified principles. 
 
A fourth and most ambitious level of output would be the full maturation of ES into an 
academic field. Addressing fundamental problems common to many engineering efforts, 
this new field could generate a body of theory that applies to many—or even all—
engineering problems. 
 
c. Contributions by ES: the Minimum for Success 
If, after a number of years, the academic output of ES consisted only of a few case 
studies, and the application of already known methods, and if this output created only a 
minor impact on other fields, ES participants could generally agree that ES had failed to 
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emerge as a field. Consensus about success could be more problematic, however, because 
many of those who are considering the issue have varying expectations. Whatever ESD 
ultimately determines to be appropriate targets for success, the Committee believes that, 
at the minimum, ES should make significant contributions in terms of a fundamental 
intellectual framework, and effective methods and techniques with which to apply it. 
1. Intellectual Framework 
The fundamental principles that ES should contribute to the field of engineering should 
increase the understanding, classification, design, and evaluation of engineering systems. 
A common language should result from these principles, including a vocabulary and 
symbology that can unify the many distinct fields that presently address engineering 
systems, fields that now are separated by their own individual models, methods, and 
terminology. 
2. Methods and Techniques 
Engineering systems should contribute effective results for ES researchers, educators, and 
practitioners alike. Results for researchers and educators should include: 
 
• Methods for analyzing situations, extracting data, performing social analyses, and 
performing simulations adequate for large complex systems 
• Educational approaches for representing and teaching the principles and methods 
 
Results for practitioners should include: 
 
• Methods for designing complex large-scale systems that include management of 
complexity, robustness, adaptability, flexibility, etc., including ways to 
understand and navigate essential tradeoffs between those requirements 
• Methods for evaluating system design alternatives, and for using those methods to 
ensure that many and diverse stakeholders can contribute to essential system 
design and impact decisions 
• Management techniques for design, operation, and life cycle oversight of 
engineering systems. 
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IX. Appendices 
a. Appendix A: ESD Terms and Definitions (Version 13) 
1. Complexity in Engineering Systems 
Arguably the key concept in Engineering Systems is complexity. Thus we discuss it at 
greater length than the other terms that will follow. There are many definitions of 
complex systems, but we shall concentrate on just two. A system is behaviorally complex 
if its behavior is difficult to predict, analyze, describe, or manage. In contrast a system is 
structurally complex if the number of parts is large and the interconnections between its 
parts is intricate or hard to describe briefly. Systems that are structurally complex are 
usually behaviorally complex. Systems that have complex behavior need not have 
complex structure, since we know of relatively simple mechanical systems whose 
behavior is chaotic, and hence complex. On the other hand, most behaviorally complex 
systems are structurally complex as well. 
 
A convenient way to measure structural complexity is to quantify the amount of 
information required to describe a system.  Following Kolmogorov, this amount of 
information can be defined to be the length of the shortest description of the system 
relative to a suitable language, level of coarse graining, etc.  The shortest description of a 
system is difficult to compute, accordingly in practice this definition often leads to a 
relative measure of complexity, in which an informed observer may be able to describe a 
system more concisely than a novice. 
 
Complex engineering systems are not simply technical in nature, but rely on people and 
their organizations for the design, manufacturing and operation of the system, and are 
influenced by and influence the societal and physical context as well.  
2. Basic Terms related to Engineering Systems 
Engineering – bringing to reality useful artifacts, processes and algorithms that heretofore 
did not exist; in English, especially in England, the term is often associated with 
maintenance and operation, especially of engines, but the French root (ingénieur) is 
related to ingenious (ingénieux).  
 
System – A set of interacting components having well-defined (although possibly poorly 
understood) behavior or purpose; the concept is subjective in that what is a system to one 
person may not appear to be a system to another 
 
Engineering System – a system designed by humans having some purpose; large scale 
and complex engineering systems, which are of most interest to the Engineering Systems 
Division, will have a management or social dimension as well as a technical one. 
 
System Environment – a set of conditions external to and affecting a system; 
environments include both natural and man-made conditions 
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Natural environment – natural surroundings and context (e.g., air, water); the natural 
environment can sometimes be considered the core of a system, with engineering systems 
providing interfaces to it 
 
Complex system – a system with components and interconnections, interactions, or 
interdependencies that are difficult to describe, understand, predict, manage, design, or 
change. 
 
Interdependence – the relationship between entities that cannot exist or operate 
without each other; independent entities exist and operate without influence from 
each other; interdependencies may be intended or unintended 
 
Interaction – the property of entities that exchange something material or
 immaterial that constitutes or contributes to their interdependence 
 
Interconnection – the relationship between entities that are physically or abstractly 
connected and the connection provides the pathway for the interaction; software 
connections are often abstract 
 
These three terms are clearly interrelated (pun intended). We distinguish at least 
three types of interdependence: one is the interdependence that may occur among 
components or subsystems in a given design of a system, a second is the 
interdependence created when global constraints (such as weight, volume, cost, or 
2nd Law of thermodynamics) force a redesign, and a third is one that occurs as a 
result of subdivision of tasks or the management of the flow of materiel or 
information. 
 
Components – parts of a system relative to that system; a component can be a system too 
if it contains other components 
 
Large scale systems – systems that are large in scale and/or scope; such systems have a 
large number of components; as a result large scale physical systems will be distributed 
over a region that is large relative to its smallest components;  
 
Designing –an open-ended human process whereby plans for useful artifacts and 
processes are created 
 
Function(s) –broad: desired behavior(s) of a system or a component; these behaviors are 
presumably desired because they contribute to a stated purpose; more specifically, 
fundamental behaviors (not including the ilities – see below) of an engineering system 
that fulfill its stated purpose. 
 
Requirements – the combined set of functions, ilities (see below), and constraints (e.g., 
weight, volume, cost, physical laws) that an engineered system is supposed to achieve, 
deliver, or exhibit; functions can be said to be what a system ‘does,’ whereas the ilities 
and constraints are properties or conditions that a system ‘has’ 
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Effectiveness –ratio of function(s) achieved to the totality of functions desired 
 
Efficiency – ratio of function(s) achieved to resources used 
 
Life cycle – The sequence of phases that an engineering system undergoes, which can be 
divided into three major parts: Conceiving, developing, and deploying. Conceiving 
includes identification of need/opportunity, initiation of requirement elicitation and 
gathering. Developing includes analysis, design, implementation manufacture or 
production, and testing. Deployming includes assimilation, use, maintenance, 
modification or upgrade, repair, retirement, dismantling, recycling, disposal, erasure or 
remediation, and possible replacement; replacement is a critical element in creating a 
cycle 
 
Systems changes – multiple dimensions by which systems change, including the rate of 
change (e.g., evolutionary, moderate, revolutionary), the structural direction of change 
(e.g., top-down, bottom-up, networked), or the breadth of change (e.g., pilot initiatives, 
wall-to-wall)  
3. Ilities and related system issues 
Ilities – requirements of systems, such as flexibility or maintainability, often ending in 
the suffix ‘ility;’ requirements of systems that are not necessarily part of the fundamental 
set of functions or constraints 
 
Flexibility – the property of a system that is capable of undergoing classes of changes 
with relative ease. Such changes can occur in several ways: a system of roads is flexible 
if it permits a driver to go from one point to another using several paths; flexibility may 
indicate the ease of ‘programming’ the system to achieve a variety of functions; 
flexibility may indicate the ease of changing the system’s requirements with a relatively 
small increase in complexity (and rework) 
 
Agility – ability of a system to be both flexible and undergo change rapidly 
 
Robustness - demonstrated or promised ability to perform under a variety of 
circumstances; ability to deliver desired functions in spite of changes in the environment, 
uses, or internal variations that are either built-in or emergent (see below) 
 
Adaptability – the ability of a system to change internally to fit changes in its 
environment. In our definition above a flexible system is usually modified from outside 
the system. An adaptable system may undergo self-modification (e.g., a thermostat 
controlling the heating of a subsystem) 
 
Scalability- the ability of a system to maintain its performance and function, and retain all 
its desired properties when its scale is increased greatly without having a corresponding 
increase in the system’s complexity 
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An increase in scope (that is, an increase in the system’s functional capabilities) 
usually involves an increase in scale, yet scalability does not normally imply ease 
with increasing the scope of a system without unduly increasing its complexity. 
Such ease is usually related to the structure of the system’s architecture (see 
below) and its flexibility 
 
Modularity –the degree to which the components of a system can be designed, made, 
operated, and changed independently of each other 
 
Extensibility – the degree to which sets of components of a system can be extended to a 
higher level of abstraction 
 
Fail-safe - ability to be guided to a safe state, if the system cannot deliver the full desired 
function due to failure(s) 
 
Safety- the property of being free from accidents (see below) or unacceptable losses 
  
Durability – ability to deliver a specified level of function for a specified length of time 
 
Sustainability – broad: maintaining economic growth and viability while meeting 
concerns for environmental protection, quality of life, and social equity; narrow:  a 
property of an engineering system having optimal resource preservation and 
environmental management over time 
 
Quality- ability to deliver requirements at a “high” level, as perceived by people relative 
to other alternatives that deliver the same requirements 
 
Reliability – the probability that a system or component will satisfy its requirements over 
a given period of time and under given conditions 
 
Repairability –the ability to be returned to the original state of function when some 
function is lost 
 
Maintainability - the ability of a system to be kept in an appropriate operating condition; 
the system should also possess the property of repairability 
4. Design/manufacturing concepts and approaches 
Manufacturing – The processes by which materials are made, parts or components are 
fabricated from materials, and products are assembled from parts; software is 
implemented rather than manufactured  
 
Manufacturing Systems – The equipment, processes, people, organization and 
knowledge, as well as the interactions of these that are involved in the manufacturing of a 
given end product 
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Lean Manufacturing – A pull based and flexible manufacturing system that is responsive 
to customer demand, where skilled workers, just-in-time manufacturing processes, and 
continuous improvement are combined to produce perfect first-time-quality output 
 
Systems architecting - The process by which standards, protocols, rules, system structures 
and interfaces are created in order to achieve the requirements of a system; trade-off 
studies may precede the determination of system requirements 
 
Systems engineering –a process for designing systems that begins with requirements, that 
uses and/or modifies an architecture, accomplishes functional and/or physical 
decomposition, and accounts for the achievement of the requirements by assigning them 
to entities and maintaining oversight on the design and integration of these entities; 
systems engineering originally arose in the context of aerospace projects in the 1950’s, 
but has been applied more broadly since then. 
 
Systems architecting creates a system design at a high, abstract level, whereas 
systems engineering is often associated with refining such a design; by blending 
the two processes one accomplishes the assignment of functions to physical or 
abstract entities, and the definition of interactions and interfaces between the 
entities 
 
Optimization – a process or methodology for maximizing the function of a system 
 
Multi-criteria optimization – the simultaneous optimization of several criteria 
 
Functional decomposition  - the division of functions into sub-functions while retaining 
all inputs to and outputs from the level above; the decomposed elements perform all the 
functions of their parents in the decomposition 
 
Logical decomposition – the division of information system components into their logical 
constituent parts 
 
Physical decomposition –the division of physical systems into simpler subsystems and 
components 
 
Integration –the act of anticipating or executing a combination of components of a system 
with the expectation that all system requirements will be achieved. 
 
System structures – abstractions useful within systems in order to understand, control and 
facilitate the complex interactions – current possibilities include platforms, modules, 
networks, teams, and hierarchies, and subsets and combinations thereof 
 
Hierarchy – Hierarchies create a ranking of elements in a system.  In a layered hierarchy 
one of any pair of elements is above, below or at the same level as the other. In a tree-
structured hierarchy one adds the possibility that a pair of elements have no hierarchical 
relationship. 
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Reuse –In the design of systems, repeated use or application in different places of the 
design of parts, manufacturing tools and processes, analysis, and particularly knowledge 
gained from experience; using the same object in different systems or at different times in 
the same system 
 
Module – A part of a system that is constructed to have minimal, standardized 
interactions with the rest of the system (and is thus often reusable). 
 
Platform –a module or set of components that splits a system into two parts so that 
changes can, in principle, be made on either side of the platform interface without 
affecting the other side as long as appropriate standards are followed; platform 
implementation: all parts or components on the side of the platform interface farther from 
the end user, namely the parts or components needed to achieve the desired abstract 
interface.  
 
Integral architecture – an architecture in which the number of functions or behaviors is 
significantly larger than the number of designed entities or components 
 
Modular architecture – an architecture in which the number of functions is roughly 
comparable to the number of designed entities or components; an architecture in which 
the interactions and interfaces between the components are relatively simple 
 
Interfaces – a boundary or interconnection between systems or their components that 
define or support interrelationships; interfaces may be intended or unintended 
5. Risk/uncertainty/safety in design/manufacturing and operation 
Ambiguity – open to having several possible meanings; may also be uncertain  
 
Uncertainty – related to being not clearly or precisely determined 
 
Accident – an undesired and unplanned (but not necessarily unexpected) event that 
results in (at least) a specified level of loss (called a loss event); losses can be economic 
losses, losses of human lives, losses of function, losses of time, etc. 
 
Hazard – a state or sets of conditions that, together with worst-case external conditions, 
can lead to an accident 
 
Risk – the level of hazard combined with the likelihood of the hazard leading to an 
accident, and the duration or exposure of the hazard; a combination of the likelihood, 
severity and lack of detectability of an accident or loss event 
6.  Management and Related Social Science Issues 
Enterprise – a defined scope of economic organization or activity, which will return value 
to the participants through their interaction and contribution 
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Lean enterprise – an enterprise that delivers value to its stakeholders, while minimizing 
waste (waste can be in terms of materials, human lives, capital, time, physical plant, 
equipment, information, and energy)  
 
Learning Organization  - an organization that systematically reviews its experience with 
its internal and external environment and acquires knowledge in order to improve its 
functioning 
 
Negotiation – an interactive process aimed at communication and agreement among 
multiple stakeholders who have both common and competing interests 
 
Socio-technical systems – broad: systems in which both human and non-human elements 
interact, where the social or management dimensions tend to dominate 
 
Socio-technical systems design – the design of work systems that attempts to optimize 
human psychological and physiological dimensions along with the technical aspects 
 
Policy studies – studies of courses of action, chosen from alternatives, that guide present 
and future decisions by, for example, governmental bodies 
 
Interdisciplinary – involving two or more academic disciplines or professional practices 
7. General Concepts and Approaches related to Systems 
System point of view – a conviction that system behaviors are qualitatively different from 
the behaviors of a system’s components, that system design requires doing more than 
designing the components, and that special effort is required to understand systems and 
their behavior over and above what is required to understand any individual component 
 
System thinking – includes holism, an ability to think about the system as a whole; focus, 
an ability to address the important system level issues; emergence (see below), 
recognition that there are latent properties in systems; and trade-offs, judgment and 
balance, which enable one to juggle all the various considerations and make a proper 
choice 
 
System theories –theories that attempt to explain the interacting and combining behavior 
of a system as well as how the interaction of its components contribute to the behavior of 
the system 
 
System Modeling – vocabularies, symbols, rules, and representations (behavioral, 
structural) that make use of the vocabularies, symbols, and rules for the purpose of 
displaying and predicting the structure and behavior of systems, or which represent in 
symbolic form or operational ways one or more aspects of the system under study 
 
Emergent properties – properties or behaviors of a system that are discovered (i.e., 
properties that were there but latent), those that emerge spontaneously over time or space, 
and those that arise in response to behavior of other systems and environments; in a 
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hierarchical view of systems, emergent properties show up at one level of the hierarchy, 
but not at lower levels 
 
Synergy –mutually advantageous behaviors or properties that exist only because distinct 
elements are joined or can interact 
8. System Theories 
General Systems Theory – Originated by Bartanlaffy in the 1950’s; an approach to 
modeling systems using sets of differential equations 
 
Cybernetics – Originated by Norbert Wiener; models systems using feedback processes 
 
System Dynamics – Originated by Jay Forrester; used to model systems in the social 
sciences and management; uses networks of nodes and feedback relationships amongst 
them 
 
Complexity theory (in the sense of the Santa Fe Institute) – a set of approaches to 
understanding systems that encompasses chaos theory and related theories; used to 
understand biological systems as well as physics-based ones. 
 
Complexity theory (as used in computer science) – approaches to the analysis of the 
computing time and effort required by various algorithms; usually relies on techniques in 
combinatorics and logic 
 
Operations Research – a scientific approach to executive decision-making, including 
problem formulation, mathematical modeling, and system optimization 
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b. Appendix B: Selected Research Methods and Analytical Tools Relevant 
to Engineering Systems 
 
 
• Methods for representing and understanding complex systems 
• Methods for determining/representing system architecture/structure  
• Quantitative classification methods for complex systems 
• Complex adaptive systems analysis 
• Object/Process Methodology (OPM) 
• Agent modeling (mathematical models featuring people, variation, 
inheritability and history) 
• Field theory methods for understanding complex interactions in physics 
and related systems 
 
• Operations research methods 
• Optimization 
• Stochastic processes 
 
• Methods use in engineering design 
• Design/structure matrices 
• Stability analysis 
• Robustness and Flexibility design procedures 
 
• Systems dynamics methods 
 
• Statistical analysis 
• Data mining, sampling and clustering methods 
• Multivariate analyses 
• Time-series analysis 
 
Financial/Economic Methods 
• Financial/economic modeling methods 
• Risk identification, risk analysis, risk management 
• Options and portfolio risk analysis 
• Cost/benefit analysis 
• System performance analysis 
• Econometric analytic methods 
 
• Field research methods 
• Case study and critical incident analysis 
• “Naturally occurring experiments” (quasi-experimental design) 
• Stakeholder analysis and network analysis 
• Ethnography 
 
   28
• Social interaction methods relevant to complex engineered systems 
• Strategic planning and project management methods 
• Process improvement and problem-solving methods 
• Organizational design methods 
• Leadership and group dynamics methods 
• Negotiation and conflict resolution methods 
• Role play exercise and other skill-building methods 
• Psychometric analytic methods 
• Political Science analytic methods 
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